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Abstract
0RGHUQPDQXIDFWXULQJV\VWHPVDUHJURZLQJLQVFDOHDQGFRPSOH[LW\DQGLQFUHDVLQJO\UHTXLUHLQWHJUDWHGSUHGLFWLYHPRGHOOLQJDQG RSWLPL]DWLRQ
PHWKRGRORJLHVWRVXSSRUWURXWLQHGHFLVLRQPDNLQJSURFHVVHV7KHHQJLQHHULQJRIDIUHHRSHQVRXUFHVLPXODWLRQPRGHOOLQJSODWIRUPLVWKHEDVLV
RI WKH'5($0SURMHFW D)UDPHZRUN3URJUDPPH LQLWLDWLYH FRIXQGHGE\ WKH(XURSHDQ&RPPLVVLRQ7KLVSDSHU UHSRUWVRQ WKH FDSWXUHRI
UHTXLUHPHQWV IRU '5($0 IURP IRXU LQGXVWULDO HQGXVHUV 7KHVH LQGXVWULDO HQGXVHUV¶ UHTXLUHPHQWV DQG DFFRPSDQ\LQJ SLORW FDVHV GULYH WKH
UHVHDUFKWHFKQRORJ\DQGGHYHORSPHQWZRUNLQWKHSURMHFW7KHXVHUVYDU\LQVL]HIURPPLFUR60(WRPXOWLQDWLRQDODQGJOREDORUJDQL]DWLRQV
DQG E\ LQGXVWU\ IURP VHPLFRQGXFWRU PDQXIDFWXULQJ PHGLFDO GHYLFH GHVLJQ DQG PDQXIDFWXUH WR LQGXVWULDO PDFKLQH PDQXIDFWXUH DQG SUH
SURFHVVSURWRW\SHPDQXIDFWXUHUV7R FDSWXUH UHTXLUHPHQWV IURP WKH RUJDQL]DWLRQV DPHWKRGRORJ\ZDVGHYHORSHGZKLFK LV UHSRUWHG RQ LQ WKH
SDSHU,WVRXWFRPHVSURYLGHWKHEDVLVIRUWKHVXEVHTXHQWRSHQVRXUFHVRIWZDUHGHYHORSPHQW,QSDUWLFXODUWKHZRUNDVVHVVHGWKHYDULRXVSDUWQHU
QHHGV LQ WKHSUHFRGLQJ VLPXODWLRQ DSSOLFDWLRQGHYHORSPHQW VLPXODWLRQ DSSOLFDWLRQXVH DQG GDWDDQDO\WLFV DUHDVZKLFK FRYHU WKHHQGWRHQG
XVDJHRIDVLPXODWLRQEDVHGGHFLVLRQVXSSRUWV\VWHP
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH6FLHQWLILF&RPPLWWHHRIWKH³WK,QWHUQDWLRQDO&RQIHUHQFHRQ'LJLWDO(QWHUSULVH7HFKQRORJ\'(7


.H\ZRUGV6LPXODWLRQ(PEHGGHG6\VWHPV2SHQ6RXUFH



1. Introduction
,WLVZLGHO\DFFHSWHGWKDWPDQXIDFWXULQJVXSSO\FKDLQVDQG
RSHUDWLRQV DUH H[KLELWLQJ WUHQGV RI LQFUHDVLQJ FRPSOH[LW\
5HVHDUFKHUVLQ>@QRWHGWKDWKLJKHU OHYHOVRISURGXFWYDULHW\
VKRUWHUSURGXFWOLIHF\FOHVDQGJUHDWHUUHOLDQFHRQRXWVRXUFLQJ
RIPDQXIDFWXULQJSURFHVVHVKDYH IHG WKLVDQG WKDW WKHERWWRP
OLQH RI FRVWV DUH QHJDWLYHO\ DIIHFWHG $V VXFK JUHDWHU QHHGV
QRZ H[LVW IRU PDQDJHPHQW DQG VXSSRUW RI RSHUDWLRQV LQ
PDQXIDFWXULQJ VXSSO\ FKDLQV DQG RQH RI WKHVH LV VLPXODWLRQ
PRGHOOLQJ RI RSHUDWLRQV 6LPXODWLRQ LQ PDQXIDFWXULQJ FDQ
SURYLGH UHDOLVP DQG XWLOLW\ EHFDXVH WKH PRGHOOLQJ FDQ
LQFRUSRUDWH WKH QDWXUDO YDULDWLRQV WKDW RFFXU LQ YDULRXV
SURFHVVHVZKLFKLVDQDGYDQWDJHRYHUDQDO\WLFDOPRGHOV>@
6LPXODWLRQWHFKQRORJLHVH[LVW LQPDQ\IRUPVLQVXSSRUWRI
PDQXIDFWXULQJ )RU H[DPSOH >@ GHVFULEHG HUJRQRPLF
VLPXODWLRQ VRIWZDUH LQ VXSSRUW RI QRQUHSHWLWLYH
PDQXIDFWXULQJ SURFHVVHV DQG >@ GHVFULEHG DQ 2SHQ 6RXUFH
REMHFW RULHQWHG GLVFUHWH HYHQW VLPXODWLRQ PRGHOOLQJ
HQYLURQPHQW GHGLFDWHG WR DHURVSDFH YHKLFOH PDLQWHQDQFH DQG
ORJLVWLFV 7KH '5($0 VLPXODWLRQ SURMHFW DGGUHVVHV SURFHVV
VLPXODWLRQ DW IDFWRU\ OHYHO LQ FRPELQDWLRQ ZLWK LQWHJUDWHG
GHFLVLRQ VXSSRUW WRROV /LNH >@ LW LV EDVHG RQ 2SHQ 6RXUFH
VRIWZDUH WKH RWKHU PDLQ RSWLRQ EHLQJ D FRPPHUFLDO RII WKH
VKHOI &276 VRIWZDUH VROXWLRQ $Q 2SHQ 6RXUFH SODWIRUP
ZLOO DOORZ IRU D FROODERUDWLYH GHYHORSHU DQG XVHU FRPPXQLW\
WRFRQWLQXDOO\DGYDQFH'5($0
,Q RUGHU WR GHYHORS VXFK VRIWZDUH HIIHFWLYHO\ ZH SUHVHQW
KHUH WKH ILUVW VWDJHV RI WKH SURMHFW QDPHO\ UHTXLUHPHQWV DQG
SLORWFDVHGRFXPHQWLQJ$VQRWHGE\>@DQG>@UHTXLUHPHQWV
IRUVRIWZDUHDUHDFROOHFWLRQRIQHHGVH[SUHVVHGE\

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
VWDNHKROGHUVUHVSHFWLQJVRPHFRQVWUDLQWVXQGHUZKLFKWKH
VRIWZDUHPXVWRSHUDWHLQ>@
0XOWLIDFHWHG EDUULHUV WR WKH DGRSWLRQ RI DGYDQFHG
VLPXODWLRQ GHFLVLRQ VXSSRUW WHFKQRORJLHV H[LVW DQG DUH ZHOO
GRFXPHQWHG 7KHVH VWUHWFK DFURVV D UDQJH RI ,7 DSSOLFDWLRQV
ZLWK >@ QRWLQJ WKDW 60(V LQSDUWLFXODU DUHRIWHQXQDZDUH RI
WKH H[LVWHQFH RI VXFK WHFKQRORJLHV OHW DORQH  LPSOHPHQWLQJ
WKHP LQWR WKHLU RSHUDWLRQV ,Q >@ WKH DXWKRUV UHYLHZHG
EDUULHUV WR WKH XVH RI LQQRYDWLRQ VRIWZDUH ZLWKLQ *HUPDQ
60(V DQG ILQGLQJVZHUH FRPPRQZLWK RWKHU VRIWZDUH W\SHV
3URGXFWV DUH RIWHQ QRWNQRZQE\SRWHQWLDO XVHUV WKHEHQHILWV
DUHQRWFOHDULQVWDOODWLRQDQGVHUYLFHFRVWVDUHWRRKLJKDORQJ
ZLWK WUDLQLQJ DQG FRDFKLQJ FRVWV $PRQJ WKH EDUULHUV
SDUWLFXODU WRPDQXIDFWXULQJ VXSSRUW DUH DGGUHVVLQJ V\VWHP
NQRZOHGJHPDQDJHPHQWKXPDQV\VWHPLQWHUDFWLRQFKDOOHQJHV
DQGSURKLELWLYH WHFKQRORJ\HQWU\FRVWV7KLV SURMHFW SURSRVHV
WKH GHYHORSPHQW RI DQ LQWHJUDWHG SODWIRUP WR DGGUHVV WKHVH
EDUULHUV QRWDEO\ SURYLGLQJ VXSSRUW LQ WKH SUHFRGLQJ V\VWHP
NQRZOHGJH FDSWXULQJ SKDVHV GHYHORSPHQW RI PXOWLSOHOHYHO
XVHU LQWHUDFWLRQDSSURDFKHVHIIHFWLYHGDWDDQDO\WLFV WRROVDQG
DOORIWKLVSURYLGHGWKURXJKDQRSHQVRXUFH26IUDPHZRUNDW
PLQLPDOVSHQGWRDXWLOL]LQJSDUW\
7KH SURMHFW KDV IROORZHG DQ LQGXVWULDO XVHUFHQWHUHG
DSSURDFK GHYHORSLQJ UHTXLUHPHQWV DQG SLORW FDVHV IURP IRXU
RUJDQL]DWLRQV $V QRWHG E\ >@ RSHQ VRXUFH GHYHORSPHQW LV
W\SLFDO RI VXFK D XVHUGULYHQ LQQRYDWLRQ ZKHUH UHTXLUHPHQWV
DUH LQLWLDWHG E\ DQ LQGLYLGXDO RU JURXS RI XVHUV LQ QHHG RI
DGGLWLRQDOVRIWZDUHIXQFWLRQDOLWLHV6LPLODUO\LWKDVEHHQQRWHG
E\ 6RXUFH)RUJH WKH ILUVW VHUYLFH SURYLGHU WR WKRVH ZKR
ZLVKHG WRXVHD FHQWUDOL]HG ORFDWLRQIRU IUHHDQGRSHQVRXUFH
VRIWZDUH GHYHORSPHQW WKDW JRRG SUDFWLFH LQ FUHDWLQJ D
GHYHORSPHQWSURFHVV IROORZV DSDWKRI UHTXLUHPHQWVDQGXVH
FDVHPDQDJHPHQW DQDO\VLV DQGGHVLJQDQG WKHQGHYHORSPHQW
>@
:HGHVFULEHWKHPHWKRGRORJ\DORQJZLWKDVXPPDU\RIWKH
RXWSXWRIWKLVPHWKRGRORJ\DYHU\VKRUWIRUPRIWKHWHFKQLFDO
UHSRUW FUHDWHG IRU WKH GHYHORSHUV 7KH PHWKRGRORJ\ ZDV
GHVLJQHG JLYHQ FHUWDLQ QHHGV RI WKH SODWIRUP GHYHORSPHQW
SURMHFW 7KH SURMHFW KDG D GHGLFDWH  PRQWK UHTXLUHPHQWV
FDSWXULQJ SHULRG GXULQJ ZKLFK WKH IRXU LQGXVWULDO SDUWQHU¶V
QHHGVZHUHWREHFROODWHG7KHSURMHFWDOVRUHTXLUHGDOHYHORI
DFDGHPLF GHYHORSPHQW DORQJ ZLWK WKH SURYLVLRQ RI SUDFWLFDO
WRROV7KHSULPDU\JRDORIWKHH[HUFLVHZDVWRIRFXVWKHXVHU
QHHGVZKLOHDOVRJLYLQJDSSUHFLDWLRQWRDZLGHUJHQHULFVHWRI
QHHGVIRUWKHGHILQHGSODWIRUPLQRUGHUWRFUHDWHDVXVWDLQDEOH
WRROIRURWKHUVWRGHYHORSDQGXVH,WLVQRWHGE\>@WKDWFDUH
PXVWEH WDNHQZKHQZULWLQJ VRIWZDUH GHULYHG IURPWKH QHHGV
RI VSHFLILF SUREOHPV DV WKHUH DUH GLIILFXOWLHV HYHQ ZKHQ
UHOHDVHG WR WKH SXEOLF LQ H[SDQGLQJ LWV UHXVH WR RWKHU
DSSOLFDWLRQV)URPWKHVHUHTXLUHPHQWVJDWKHULQJDFWLYLWLHVWKH
YDULRXV UHVHDUFK DQG WHFKQRORJ\ GHYHORSPHQW SDUWLHV FRXOG
FRQVWUXFW WKH DUFKLWHFWXUH RI WKH VRIWZDUH SODWIRUP DQG WKHQ
GHYHORS WKH VRIWZDUH FRPSRQHQWV YLD DSSOLHG FDVH SUREOHP
VROYLQJDQGEURDGHUVRIWZDUHFRPSRQHQWGHYHORSPHQW
7KHHQGJRDORI'5($0LVWRLQFUHDVHWKHFRPSHWLWLYHQHVV
RI WKHPDQXIDFWXULQJ VHFWRU YLD VLPXODWLRQ WRROV VSHFLILFDOO\
JRLQJEH\RQG WKH VWDWHRI WKHDUW WRSURPRWH LQFRUSRUDWLRQRI
VLPXODWLRQ EDVHGGHFLVLRQ VXSSRUW %H\RQG WKH SURMHFW OLIH
WKHUH LVDQH[SHFWDWLRQ WKDW IXUWKHU H[SORLWDWLRQFDQEHPDGH
WKURXJK WKH SURYLVLRQ RI HQWHUSULVH VHUYLFHV  DQG FORXG
RIIORDGLQJ VHUYLFHV WR PDQXIDFWXULQJ FRPSDQLHV WR EHQHILW
IURPVLPXODWLRQIRUEXVLQHVVSURFHVVRSWLPL]DWLRQ

2. Requirements gathering methodology
)LJXUHSURYLGHVDQRYHUYLHZRIWKHDSSURDFKWRJDWKHULQJ
WKH LQGXVWULDO HQGXVHU UHTXLUHPHQWV DQG XVH FDVHV 7KLV
DSSURDFK MRLQWO\ PDQDJHG WKH WDVNV RI UHTXLUHPHQWV
HQJLQHHULQJDQGSLORWFDVHVGHVLJQHDFKRIZKLFKZDVOHGE\
D SURMHFW SDUWQHUZLWKRQHRI WKHVH SDUWQHUV WKHQRYHUVHHLQJ
WKH IXOO SURFHVV 7KUHH VWDJHV LQYROYHG FRQWDFW ZLWK WKH
LQGXVWULDO HQGXVHUV ZLWK D ILQDO DQDO\VLV VWDJH FROODWLQJ WKH
LQIRUPDWLRQ REWDLQHG ,Q DGGLWLRQ WR WKH IRUPDO LQIRUPDWLRQ
FDSWXUH VWDJHV D VLJQLILFDQW DPRXQW RI LQWHUDFWLRQ ZDV
FRQGXFWHG LQIRUPDOO\ZLWK WKH LQGXVWULDOSDUWQHUV7KLVZDVD
EHQHILWRIKDYLQJDVPDOODQGWLJKWO\LQWHJUDWHGJURXSRQERWK
WKHXVHUDQGGHYHORSPHQWVLGH
7KHUHZHUH IRXU RUJDQL]DWLRQV LQFOXGHG DV LQGXVWULDO HQG
XVHUV LQ WKLV SURMHFW 7KHVH YDULHG LQ VL]H DQG LQGXVWU\ W\SH
6SHFLILFDOO\ WKHUH ZHUH WZR ODUJH PXOWLQDWLRQDOV ZLWK
RSHUDWLRQV LQ QXPHURXV FRXQWULHV HDFK ZLWK RYHU 
HPSOR\HHV 7KHVH ZHUH LQ WKH VHPLFRQGXFWRU PDQXIDFWXULQJ
DQGWKHPHGLFDOGHYLFHVPDQXIDFWXULQJLQGXVWULHV$OVRWKHUH
ZHUH WZR RUJDQL]DWLRQV UHSUHVHQWLQJ WKH 60( VHFWRU D NH\
IRFXVDUHDRIWKLVSURMHFWGXHWR WKHSUHYLRXVO\QRWHGEDUULHUV
IRU VXFK RUJDQL]DWLRQV LQ XWLOL]LQJ DGYDQFHG WHFKQRORJ\
GHFLVLRQVXSSRUWVROXWLRQV$PLFUR60(LQWKHEXVLQHVVDUHD
RI UDSLG SURWRW\SLQJ DQG UDSLG WRROLQJ DORQJ ZLWK DQ 60(
LQYROYHG LQ PDFKLQH PDQXIDFWXUH IRU WH[WLOH LQGXVWULHV ZHUH
WKH UHPDLQLQJ LQGXVWULDO SDUWQHUV FRPSULVLQJ WKH SRRO RI
SURYLGHUVIRUWKHHQGXVHUUHTXLUHPHQWVLQWKHSURMHFW


)LJ+LJK/HYHO0HWKRGRORJ\

7KH YDULDWLRQ LQ WKH SRRO RI HQGXVHUV DQG WKH LPSOLFLW
YDULDWLRQLQWKHPDQXIDFWXULQJPRGHOVWKH\DGKHUHGWRSURYLGH
D ZLGH VFRSH IRU UHTXLUHPHQWV ,W DOVR SRVLWHG D QHHG IRU D
IOH[LEOH UHTXLUHPHQWV JDWKHULQJ PHWKRGRORJ\ ZKLFK FRXOG
JLYHHTXLWDEOHYRLFHWRWKHQHHGVRIDOOSDUWQHUV

 6WHS)LUVWFRQWDFW

,QLWLDO FRQWDFW ZLWK WKH FRPSDQLHV ZDV PDGH WR HVWDEOLVK
NH\SRLQWVRIFRQWDFW 32&ZLWKLQHDFKRUJDQL]DWLRQ ,Q WKH
ODUJH RUJDQL]DWLRQV WKLV ZDV SDUWLFXODUO\ LPSRUWDQW DV WKH
VXEMHFWPDWWHU H[SHUWV QHHGHG WR EH LGHQWLILHG DQG FRQWDFWHG
DQGWKHLULQGLYLGXDOLQSXWVPDQDJHGZLWKLQWKHRYHUDOOQHHGV
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RIWKHRUJDQL]DWLRQ7KHFRPSDQ\GLUHFWRULQWKH60(VWHQGHG
WREHWKH32&7KHVHLQGLYLGXDOVZHUHDOVRUHFRJQL]HGDVWKH
IXWXUH YDOLGDWRUV RI WKH DSSOLHG VROXWLRQV IRU WKHLU
RUJDQL]DWLRQV W\LQJ WKHP WR WKH ORQJWHUP JRDOV RI WKH
SURMHFW 2QFH WKHVH LQGLYLGXDOV KDG EH LGHQWLILHG DQG
SUHOLPLQDU\ GLVFXVVLRQV KDG WDNHQ SODFH 5HTXHVW IRU
,QIRUPDWLRQGRFXPHQWV5),VZHUHLVVXHG

 6WHS5HTXHVWIRULQIRUPDWLRQ

7KH5),ZDVDWH[WEDVHGVHQGDQGUHFHLYHH[HUFLVHZLWKD
FRPPRQ GRFXPHQW LVVXHG WR HDFK UHFLSLHQW RUJDQL]DWLRQ ,W
ZDV GHYHORSHG E\ WKH FROODERUDWLQJ SDUWQHUV LQYROYHG LQ WKH
LQIRUPDWLRQ JDWKHULQJ WDVNV ZLWK LQSXW IURP RWKHU
GHYHORSPHQW SDUWQHUV 7KH JRDOV RI WKH 5), ZHUH WR
FRPPXQLFDWH WKH SURFHVV RI UHTXLUHPHQWV JDWKHULQJ DQG XVH
FDVH GHILQLWLRQ WR WKH HQGXVHUV DQG REWDLQ SUHOLPLQDU\
LQIRUPDWLRQ IURPWKH HQGXVHUV%\H[SODLQLQJ WKHSURFHVV WR
WKH UHFLSLHQWV EX\LQ ZDV LPSURYHG WKURXJK VKDUHG
XQGHUVWDQGLQJ RI WKH JRDOV RI WKLV H[HUFLVH $FFRPSDQ\LQJ
LQVWUXFWLRQVDQG VXJJHVWLRQV IRUEUDLQVWRUPLQJDFWLYLWLHVZHUH
DOVRJLYHQWRDLGWKHUHFLSLHQWVLQWKHLUFRPSOHWLRQ$IWHUWKHVH
SUHDPEOHVVHFWLRQHGTXHVWLRQDUHDVZHUHGHOLYHUHG7KHUHZDV
DVXEVHFWLRQIRUVXPPDUL]LQJWKHLQWHQWRIWKHXVHFDVHJLYHQ
WKDW IXOOXVHFDVHGHVFULSWLRQZRXOGEHRIFRQVLGHUDEOH OHQJWK
DQG QRW DSSURSULDWH LQ WKH 5), 7KH VHFWLRQ OHYHOV IRU
TXHVWLRQVZHUH
x JHQHUDOLQIRUPDWLRQ
x GHFLVLRQVXSSRUWZLWKLQ\RXURUJDQL]DWLRQ
x VFRSH IRU VLPXODWLRQ DSSOLFDWLRQV ZLWKLQ \RXU
RUJDQL]DWLRQ
x GDWD FDSWXUH DQG UHWHQWLRQ ZLWKLQ \RXU
RUJDQL]DWLRQ
x PDWXULW\RI KXPDQV\VWHP LQWHUDFWLRQVZLWK \RXU
RUJDQL]DWLRQ
x WKHVHVHFWLRQVEURNHGRZQZLWKGLIIHUHQW
TXHVWLRQV UHODWHG WR HDFK SDUWLFXODU WRSLF
5HVSRQVHV KHUH FRXOG KHOS VKDSH IXUWKHU WDLORUHG
FRPPXQLFDWLRQZLWKWKHHQGXVHUVSDUWLFXODUO\LQ
WKHRQVLWHZRUNVKRSV

 2QVLWHXVHUZRUNVKRSV

,Q >@ LW ZDV QRWHG WKDW UHJDUGLQJ XVHU UHTXLUHPHQW
HOLFLWDWLRQ ZRUNVKRSV WKHUH DUH WKUHH LGHQWLILHG OHYHOV
VFRSLQJKLJKOHYHO DQGGHWDLOHGZRUNVKRSV$OVR >@QRWHV
WKDW FROODERUDWLYH HQJLQHHULQJ UHTXLUHPHQWV HOLFLWDWLRQ LV DQ
LWHUDWLYH DSSURDFK DQG LQFUHPHQWDO LQ QDWXUH 7KHUHIRUH
NQRZOHGJHJDLQHGDQGGHFLVLRQVPDGHDWHDFK VWHSDIIHFW WKH
SDVW DQG IXWXUH VWHSV DQG FKRLFHV ,Q DGGLWLRQ >@ KDYH DOVR
DGGUHVVHG WKH KLJKOHYHO WR ORZOHYHO UHTXLUHPHQWV HOLFLWDWLRQ
FKDOOHQJH ZLWK DQ DSSURDFK WKDW SURJUHVVLYHO\ EXLOGV
UHTXLUHPHQWV VWDUWLQJ ZLWK D QDUUDWLYH RI XVHU VWRULHV WR WKH
GHILQLWLRQ RI XVH FDVHV ,W LV DJUHHG WKDW WKH SURFHVV RI
UHTXLUHPHQWVHOLFLWDWLRQ LQYROYHVJURZWK OHDUQLQJDQGDQHHG
IRU IRUZDUGV DQG EDFNZDUGV FRPPXQLFDWLRQ EHWZHHQ WKH
VWDNHKROGHUV ZKR LQFOXGH GHYHORSHUV UHTXLUHPHQWV JDWKHUHUV
DQGHQGXVHUV
7KHRQVLWHZRUNVKRSVZHUH KHOG DW WKH SULPDU\ IDFLOLW\RI
LQWHUHVW IRU HDFK SDUWQHU JLYHQ WKDW VRPH SDUWQHUV KDYH
PXOWLSOH VLWHV 7KHVH ZHUH LQWHQVLYH VHVVLRQV OLPLWHG WR D
VLQJOHGD\ YLVLW WR HDFK HQGXVHU $FWLYLWLHV ZHUH OHG E\ WKH
LQIRUPDWLRQ JDWKHULQJ SDUWQHUV DQG ZHUH VXSSRUWHG E\  WKH
RWKHU VRIWZDUH GHYHORSHUV $W D KLJK OHYHO WKH JRDO RI WKH
GD\¶V DFWLYLWLHV ZDV WR DOORZ WKH HQGXVHU WR FRPPXQLFDWH
WKHLU QHHGV LQ WKH FRQWH[W RI WKHLU RZQ HQYLURQPHQW
,QIRUPDWLRQ ZDV VKDUHG RQ ERWK VLGHV DV GHYHORSHUV FRXOG
SURMHFW WKH H[SHFWHG VRIWZDUH FDSDELOLWLHV WR WKH XVHUV
+RZHYHU WKH IRFXV ZDV SULPDULO\ RQ GHYHORSPHQW RI DQ
XQGHUVWDQGLQJ RI WKH XVHU QHHGV LQ WKH VHWWLQJVZLWKLQZKLFK
WKHVRIWZDUHZRXOGEHDSSOLHG
$ VHPLVWUXFWXUHG IRUPDW ZDV DGRSWHG WR HQDEOH D
QDUURZLQJ GRZQ IURP EURDG LVVXHV WR SDUWLFXODUV 7KH HQG
XVHU¶VPDQXIDFWXULQJDFWLYLWLHVZHUHH[SODLQHGLQDGYDQFHRID
ZDONWKURXJK7KLVZDV WKHQUHILQHG WR WKHDSSOLFDWLRQZLWKLQ
WKHXVHFDVHDVWKLVZDVDVXEVHWRIWKHHQGXVHUV¶DFWLYLW\VHW
*LYHQWKHPDQXIDFWXULQJIRFXVRIWKHSURMHFWLQJHQHUDOZDON
WKURXJKV RI SURGXFWLRQ DUHDVZKHUH SRVVLEOH ZHUH FRQGXFWHG
ZKLFKLOOXVWUDWHGWKHSUHYLRXVO\H[SODLQHGDFWLYLWLHV
$IWHU WKLV  D UHIOHFWLYH TXHVWLRQDQGDQVZHU VHVVLRQ WRRN
SODFHZKLFKZDVDGHWDLOHGDQDO\VLVRIWKHXQGHUO\LQJGHFLVLRQ
PDNLQJSURFHVVHVRIZKDWKDGEHHQGLVFXVVHG7KHNH\WRWKLV
SRUWLRQRIWKHGD\ZDVLGHQWLI\LQJZKDWGHFLVLRQVWKHHQGXVHU
PDGHLQWKHLUDFWLYLWLHVKRZWKH\PDGHWKHPFXUUHQWO\WKHDV
LVVWDWHDQGZKDWGHVLUHGVXSSRUW WKH\ZRXOGZLVKIRU7KXV
WKH GHFLVLRQ VXSSRUW QHHGV ZHUH DGYDQFHG ZLWK WKH SDUWQHU
WKURXJK SUREOHP  GHILQLWLRQ 7KLV HQWDLOHG GHFLVLRQDO ZDON
WKURXJKV 0XFK OLNH D ZDONWKURXJK RI WKH SK\VLFDO
PDQXIDFWXULQJ SURFHVV WKH GHFLVLRQDO ZDONWKURXJK WRRN WKH
HQGXVHU VWHSE\VWHS WKURXJK KRZ WKH\ PDGH GHFLVLRQV
SHUWLQHQW WR WKH XVHFDVH 7KH LQYROYHG DFWRUV V\VWHPV
LQIRUPDWLRQ DQG SURFHVVHV ZHUH DOO DGGUHVVHG LQVRIDU DV
SRVVLEOH1RWHVZHUHPDGHWRIROORZXSRQDUHDVWKDWZHUHQRW
IDWKRPHG LQFOXGLQJ SODQQLQJ IRU IXWXUH FDOOV ZLWK VXEMHFW
PDWWHUH[SHUWVZKHUHQHHGHG
7KH QH[W VHFWLRQ RI WKH ZRUNVKRS SURFHVV FDOOHG IRU WKH
VRIWZDUH VROXWLRQ SURYLGHUV WR UHVSRQG WR WKH JDWKHUHG
LQIRUPDWLRQ DOLJQHG ZLWK ZKDW WKH\ FRQVLGHUHG WR EH ZLWKLQ
WKHFDSDELOLWLHVRIWKHSODWIRUPWKHSURMHFWLQWHQGHGWRGHYHORS
7KLV SURFHVV ZDV D QRQFRPPLWWDO VKDULQJ RI SRWHQWLDO
VROXWLRQVLQUHVSRQVHWRZKDWZDVOHDUQHG7KLVLVVLPLODUWRD
EUDLQVWRUPLQJ VHVVLRQ EXW ZLWK WKH VROXWLRQ VSDFH UHILQHG WR
DGGUHVVWKHGHFLVLRQQRGHVLQWKHHQGXVHUVSUDFWLFHV
)LQDOO\ JLYHQ WKH UHTXLUHPHQWV RI WKH SURMHFW EULHI WR
GHYHORS DQ HPEHGGHG V\VWHP DWWHQWLRQ ZDV JLYHQ WR WKH
GLJLWDO FDSDELOLWLHV RI WKH SDUWQHUV /DUJH PXOWLQDWLRQDO
RUJDQL]DWLRQV WHQG WR EH GDWDULFK DQG ZLWK D  JUHDWHU
SURSRUWLRQ RI HOHFWURQLF GDWD WKDQ 60(V 7KLV KRZHYHU FDQ
DOVRPHDQWKDWWKHUHDUHPRUHLQIRUPDWLRQV\VWHPVWRLQWHUIDFH
ZLWK DQG FRPSOH[LW\ RI HOHFWURQLF GDWD PD\ H[LVW :KLOH
RQVLWH WKH GHYHORSHUVZHUH DEOH WR WDNH VRPH WLPH WR DVVHVV
VRPHRI WKH OHYHORI WHFKQRORJLFDOPDWXULW\ LQ UHODWLRQ WR WKH
QHHGV RI D SRWHQWLDO VLPXODWLRQ WRRO WR LQWHUDFW ZLWK
RUJDQL]DWLRQDOGDWD
241 Ivor Lanning et al. /  Procedia CIRP  25 ( 2014 )  238 – 245 

 4XHVWLRQQDLUH

7KHTXHVWLRQQDLUHZDVDVHFRQG WH[WEDVHGH[HUFLVHZLWKD
FRPPRQ GRFXPHQW LVVXHG WR HDFK UHFLSLHQW RUJDQL]DWLRQ ,Q
WKLV LQVWDQFH WKH FRPSOHWLRQ RI WKH TXHVWLRQQDLUH ZDV
FRQGXFWHG LQ DQ LQWHUYLHZ SURFHVV ZLWK WKH UHFLSLHQW 7KH
UHFLSLHQWZDV IRUZDUGHG WKH GRFXPHQW LQ DGYDQFH WR SUHSDUH
WKHPVHOYHV7KLVDFWLYLW\ZDV LQWHQGHG WRSUREHGHHSHUJLYHQ
WKDW PXFK LQIRUPDWLRQ KDG DOUHDG\ EHHQ VKDUHG 7KH
VSHFLILFLW\ RI WKH TXHVWLRQV DOVR DOORZHG IRU TXDOLWDWLYH
FRPPRQDOLW\DQDO\VLVDFURVVWKHSDUWQHUVWREHFRQGXFWHG
7KHTXHVWLRQQDLUHZDVFRPSULVHGRITXHVWLRQV LQ WRWDO
VRPH ZLWK PXOWLSOH FRPSRQHQWV GLYLGHG LQWR ILYH VHFWLRQV
LQWHQGHGWRFDSWXUHLQIRUPDWLRQRQ
x DQ\KLVWRULFDOLPSOHPHQWDWLRQRIGLVFUHWHHYHQW
VLPXODWLRQ
x DQ\ KLVWRULFDO LPSOHPHQWDWLRQ RI SURFHVV
PRGHOOLQJWHFKQLTXHV
x DQ\KLVWRULFDO LPSOHPHQWDWLRQRI IRUPDO GHFLVLRQ
VXSSRUWV\VWHPVRIWZDUHRWKHUWKDQVLPXODWLRQ
EDVHGV\VWHPV
x WKH OHYHO RI LQIRUPDWLRQGLJLWL]DWLRQ LQIRUPDWLRQ
LQHOHFWURQLFIRUPLQWKHRUJDQL]DWLRQ
x WKHH[WHQWRIDQDO\WLFVLQWKHRUJDQL]DWLRQ
7KH LQIRUPDWLRQ FDSWXUHG WKURXJK WKH DERYH GHVFULEHG
PHWKRGV SURYLGHG WKH EDVLV IRU WKH GHYHORSPHQW RI WKH
'5($0 SODWIRUP 6SHFLILFDOO\ WKH IROORZLQJ VRIWZDUH
HOHPHQWVZHUHVXSSRUWHG
x DKLJKSHUIRUPDQFHVLPXODWLRQIUDPHZRUN
x DNQRZOHGJHH[WUDFWLRQWRRO
x DXVHULQWHUIDFHWRRO
7KHVH WKUHHPDLQ VRIWZDUHHOHPHQWVEUHDNGRZQ LQWR VXE
FRPSRQHQWV ZLWKLQ WKH V\VWHP DOO RI ZKLFK DUH RULHQWHG WR
SURYLGH EHWWHU GHFLVLRQ PDNLQJ RQWLPH UHDO WLPH GHFLVLRQ
VXSSRUWDQGDUHGXFWLRQLQLPSOHPHQWDWLRQFRVWV

 5HTXLUHPHQWVDQGXVHFDVHUHSUHVHQWDWLRQ

7KH LQIRUPDWLRQ FDSWXULQJ SURFHVV UHVXOWHG LQ WKH
GHYHORSPHQWRIDQ LQWHUQDOSURMHFW UHSRUWZLWK LQGLYLGXDODQG
FRPPRQEDVHUHTXLUHPHQWVDORQJZLWKSLORWFDVHVWRDFWDVWHVW
EHGV DW WKH LQGXVWULDO HQGXVHUV EHLQJ FOHDUO\ LGHQWLILHG 7KH
SLORW FDVHV DUH FRPSULVHG RI VSHFLILF XVH FDVHV ZKLFK DUH
GHWDLOHG H[FKDQJHV EHWZHHQ LQWHUDFWLQJ DFWRUV &HUWDLQ XVH
FDVHVZHUHLGHQWLILHGDQGVFRSHGRXWZLWKHQGXVHUVZKLOHDOVR
DOORZLQJGHYHORSHUVWRH[SDQGRQWKHVHLQWHUPVRIQXPEHURI
FDVHV DQG GHWDLO LQYROYHG LQ DQ LWHUDWLYH PDQQHU WR EHVW
UHVROYHWKHVSHFLILFXVHUQHHGV80/XVHFDVHGLDJUDPVZHUH
XWLOL]HG LQ WKLV SURFHVV WR SURYLGH µDVLV¶ DQG µWREH¶
YLVXDOL]DWLRQV



)LJ3LORW&DVH80/XVHFDVHµWREH¶VWDWXV

$QH[DPSOHRIWKLVIRURQHHQGXVHULVLOOXVWUDWHGLQ)LJXUH
 7KLVUHSUHVHQWVVKLIWSODQQLQJDQGUHSODQQLQJRQDPDQXDOO\
LQWHQVLYH SURGXFWLRQ OLQH EDVHG RQ UHDO WLPH LQIRUPDWLRQ DQG
GDWDXSGDWHVLQFRUSRUDWLQJWKH'5($0SODWIRUPZKLFKZRXOG
EH UHTXLUHG WR LQSXW D PL[WXUH RI PDQXDOO\ LQSXW DQG
DXWRPDWHG V\VWHPGDWD DW DQ DSSURSULDWHXVHU OHYHO IRU D OLQH
PDQDJLQJ WHDP OHDGHU 7KH RXWSXW FRXOG EH DLPHG DW
RSWLPL]LQJSHUIRUPDQFHEDVHGRQSUHVHWPHWULFVRU WKH WHDP
OHDGHU FRXOG HYDOXDWH D QXPEHURIRSWLRQVJLYHQ WKHRQKDQG
LQIRUPDWLRQDQGSLFNDQDOWHUQDWLYHWKDWDWWKDWSDUWLFXODUWLPH
EHVWVXLWVWKHLUQHHGV


)LJ0DQXIDFWXULQJ6\VWHPV

3LORW FDVHV LQYROYHG GRFXPHQWLQJ SURGXFWV SHRSOH DQG
SURFHVVHV VLPLODU WR WKH FRPPRQ VL[VLJPD 3 DSSURDFK WR
TXDOLW\DVLQGLFDWHGLQ)LJXUH
$QDLPRI WKHHYHQWXDO'5($0SODWIRUPLV WKHSURYLVLRQ
RI PXOWLOHYHO DSSOLFDWLRQV DQG FRQVHTXHQWO\ SHRSOH XVHU
OHYHOV ZHUH DQDO\]HG DW WKH YDULRXV RUJDQL]DWLRQV $V
H[SHFWHGXVHUUROHVEDVHGRQFDSDELOLWLHVZHUHEURDGHUDW WKH
ODUJHU RUJDQL]DWLRQV ,Q SDUWLFXODU WKH ODUJHU RUJDQL]DWLRQV
ZHUHDEOHWRLQGLFDWHWKDWXVHUOHYHOVFRXOGLQFOXGH
x VXSHU XVHU GHWDLOHG GHYHORSHU RI DSSOLFDWLRQV
REMHFWV
x DGYDQFHG XVHU PRGHO FRQILJXUDWLRQ DQG
PDLQWHQDQFH EDVHG RQ SUHFRGHG REMHFWV DQG
LQWHUDFWLRQFDSDELOLWLHV
x HQGXVHU VFHQDULR HYDOXDWLRQ EDVHG RQ
SUHFRQILJXUHG VLPXODWLRQ PRGHOV WR VXSSRUW
GHFLVLRQPDNLQJ
60(VDVZDVDGRFXPHQWHGEDUULHUWRDGRSWLRQRIWHQODFN
VXFK H[SHUWLVH DV WR HPSOR\ RU WUDLQ LQGLYLGXDOV DW WKH
DGYDQFHG RU VXSHU XVHU OHYHO 7KH SURMHFW DGGUHVVHV WKLV YLD
WZR UHVROXWLRQV 7KH ILUVW LV WKH XVH RI WKH 2SHQ 6RXUFH
FRPPXQLW\$ GHGLFDWHG JRDO RI WKH SURMHFW LV WR VXVWDLQ WKH
'5($0LQLWLDWLYHZLWKLQ WKHFRPPXQLW\SDUWLFXODUO\E\
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DOLJQLQJ LW ZLWK RWKHU LQLWLDWLYHV VXFK DV 6LP3\ ,Q DGGLWLRQ
WKHSURMHFW LQFOXGHVGHYRWHG UHVRXUFHV WRH[SORLWDWLRQEH\RQG
WKHHQGRISURMHFWOLIHSKDVHEDVHGRQWKHSURYLVLRQRIVHUYLFHV
WRVXFKXVHUV$VDQLOOXVWUDWLRQ)LJXUHGHSLFWVDWHDPOHDGHU
RSHUDWLQJ LQ WKH HQGXVHU UROH7KHPRGHO WKH\ LQWHUDFW ZLWK
E\ZD\RI WKH XVHU LQWHUIDFH WRRO FRXOGKDYHEHHQGHYHORSHG
E\ OLQHGHVLJQ HQJLQHHUV DW WKH DGYDQFHG XVHU OHYHO 7KRVH
PRGHOV LQ WXUQZRXOG KDYH EHHQ GHYHORSHG EDVHG RQREMHFWV
DQGORJLFFUHDWHGDWVXSHUXVHUOHYHO
3URGXFWV RXWSXW E\ WKH SURMHFW HQGXVHUVZDV GRFXPHQWHG
DV YDU\LQJ JUHDWO\ IURP PHGLFDO DQG KLJKWHFK WR EHVSRNH
PROGLQJV DQG UDSLG WRROLQJ DORQJ ZLWK KHDY\ PDFKLQHU\
3URGXFW YROXPHV DOVR YDULHG ZKLFK DOVR LPSDFWV RQ
PDQXIDFWXULQJ DSSURDFKHV 7KHUHIRUH PDQXIDFWXULQJ
SURFHVVHV ZHUH DOVR TXLWH YDULHG 7KHVH UDQJHG DFURVV W\SHV
LQFOXGLQJ KLJKO\ ORFDOO\ DXWRPDWHG EXW JHRJUDSKLFDOO\
GLVSHUVHG RSHUDWLRQV VNLOOHG DQG VHPLVNLOOHG PDQXDO OLQH
RSHUDWLRQVKLJKO\VNLOOHGVLQJOHZRUNHUSURYLGLQJ HQGWRHQG
SURGXFW FUHDWLRQ DQG KLJKO\ IOH[LEOHEHVSRNH PDNHWRRUGHU
KHDY\ HQJLQHHULQJ SURMHFWW\SH SURGXFWLRQ 'RFXPHQWLQJ WKH
SURGXFW DQG SURFHVV DSSURDFKHV GHOLYHUHG D EDVH WR WKH
GHYHORSPHQW SDUWQHUV LQ WKH SURMHFW IURP ZKLFK WKH\ FRXOG
FRQGXFW D QXPEHU RI DFWLYLWLHV WR VXSSRUW WKH VLPXODWLRQ
DSSOLFDWLRQGHYHORSPHQW
x GHYHORSHUVFRXOGDGGUHVVEHVSRNHPRGHOOLQJ
FDSDELOLWLHVWRVXSSRUWWKHSLORWFDVHV
x GHYHORSHUV FRXOG VWULS EDFN WKH GLVWLQFWLYH HQG
XVHU SURFHVVHV DQG JHQHUDOL]H WKHP LQWR
UHFRJQL]HG PDQXIDFWXULQJ SDUDGLJPV WKXV
LQFUHDVLQJ WKH SRWHQWLDO DSSOLFDELOLW\ RI WKH
GHYHORSHGWRROVWRDZLGHUDXGLHQFH
x GHYHORSHUVFRXOGFRPSDUHWKHUHVXOWDQWREMHFWV
ZKLFKWKHSURFHVVHVUHTXLUHG WREHPRGHOOHGZLWK
WKH&276REMHFWVDQGSURYLGH2SHQ6RXUFHEDVHG
PDQXIDFWXULQJVLPXODWLRQEDVHGREMHFWV YDOLGDWHG
DJDLQVW&276REMHFWV
5HTXLUHPHQWV SHU HQGXVHU ZHUH JDWKHUHG LQ XVHU
UHTXLUHPHQW WDEOHV 857 DORQJ ZLWK D FRPPRQ EDVH XVHU
UHTXLUHPHQWWDEOHDGGUHVVLQJJHQHULFQHHGV$VQRWHGE\>@
UHTXLUHPHQWV WDEOHV DUH RQH RI D QXPEHU RI IRUPV WKURXJK
ZKLFKUHTXLUHPHQWVPRGHOVFDQEHFRPPXQLFDWHG

3. Pilot case and requirements synopsis
 3LORW&DVH,QILQHRQ7HFKQRORJLHV$*

7KH ILUVW FRPSDQ\ SLORW LV UHODWHG WR D GHPDQG  VXSSO\
PDWFKZKHUHE\IRUHFDVWHGDJJUHJDWHGHPDQGLVUHTXLUHGWREH
EURNHQ GRZQ RYHU D UROOLQJ KRUL]RQ DV WKH GDWH IRU
PDQXIDFWXULQJ FRPPHQFHPHQW DSSURDFKHV IRU WKDW GHPDQG
7KH PDQXIDFWXULQJ F\FOH LV D UHODWLYHO\ ORQJ SHULRG LV
FRPSOH[ DQG EDVHG LQ PXOWLSOH IDFLOLWLHV 7KH VLPXODWLRQ
DSSOLFDWLRQRIWKHSODWIRUPLVH[SHFWHG WRPRGHOUHVRXUFHVDV
ERWWOHQHFNV DQG HYDOXDWH SURGXFW URXWLQJ RSWLRQV ZLWK ERWK
GHPDQGDQGFDSDFLW\XQFHUWDLQWLHV LQSODFH7KHRUJDQL]DWLRQ
KDV SODQQLQJ SURFHGXUHV LQ SODFH ZKLFK FXUUHQWO\ SURYLGH
DOWHUQDWLYHV WR SODQQHUV +RZHYHU LW KDV EHHQ VKRZQ
LQWHUQDOO\WKDWPRUHHIIHFWLYHWRROVDUHQHHGHGJRLQJIRUZDUG
DQGDQHPEHGGHGVLPXODWLRQWRROKDVEHHQSURSRVLWLRQHGDVD
PHDQVRIDGGUHVVLQJFXUUHQWSODQQLQJLVVXHV
&HUWDLQ EXVLQHVV UHTXLUHPHQWV ZHUH HVWDEOLVKHG E\ WKH
RUJDQL]DWLRQ ZLWK RWKHU VWDNHKROGHUV DQG IRFXVHG LQWR
VRIWZDUH UHTXLUHPHQWV 6RPH RI WKHVH DUH VXPPDUL]HG KHUH
7KHUH DUH D ODUJH QXPEHU RI SURGXFW W\SHV PDQ\ ZLWK
PXOWLSOH SURGXFWLRQ RSWLRQV WR DFKLHYH WKHLU SURGXFWLRQ
6LPLODUO\ KLJKO\ YDULHG SURGXFWLRQ YROXPHV LQ D  IDVW
FKDQJLQJHQYLURQPHQWH[LVW7KHUHIRUHDWRROFDSDEOHRIµELJ
GDWD¶ PDQDJHPHQW LV UHTXLUHG 7KH RUJDQL]DWLRQ KDV ZHOO
HVWDEOLVKHG FRUSRUDWH GDWD VWDQGDUGV DQG FRQVLVWHQF\ ZLWK
H[LVWLQJVWDQGDUGVDVZHOODVVHJUHJDWLRQSULYDF\RIGDWDIURP
LQGHSHQGHQW VRXUFHV VKRXOG EH FDSDEOH RI EHLQJ SURYLGHG
WKURXJKWKHGDWDH[WUDFWLRQWRRO
7KH VLPXODWLRQ PRGHOV EXLOW IURP WKH SODWIRUPV UHO\ RQ
HOHFWURQLF GDWD 7KLV RUJDQL]DWLRQ LV FRQVLGHUHG WR EH HGDWD
ULFK7KH GDWD KRZHYHU OLH LQ YDULRXV VRXUFHV (53 V\VWHPV
GDWDEDVHVDQGPDQXIDFWXULQJH[HFXWLRQV\VWHPVVSUHDGDFURVV
EXVLQHVV XQLWV VXEFRQWUDFWLQJ FRPSDQLHV DQG ORFDWLRQV DOO
QHHG WREH LQWHUIDFHGZLWK7KHUHIRUH LQDGGLWLRQ WR WKHGDWD
VWDQGDUGL]DWLRQ DWWHQWLRQ ZDV UHTXHVWHG WR EH JLYHQ WR
VRIWZDUHWRVRIWZDUH LQWHUDFWLRQV IRU DXWRPDWHG GDWD
FROOHFWLRQ
8VHU LQWHUDFWLRQV DW  OHYHOVZHUH LGHQWLILHG DV SUHYLRXVO\
GHVFULEHG $ OLPLWHG QXPEHU RI VXSHUXVHU LQGLYLGXDOV ZKR
DUH DOVR VXEMHFW PDWWHU H[SHUWV LQ GHPDQG SODQQLQJ ZHUH
LGHQWLILHGDVHYHQWXDOSODWIRUPXVHUV
8OWLPDWHO\WKHSODWIRUPZRXOGEHFRQVLGHUHGVXFFHVVIXOLI
LW HQDEOHG WKH RUJDQL]DWLRQ WR PRGHO SURGXFWLRQ JHQHUDWH
SRVVLEOH SURGXFW URXWLQJV VDWLVI\LQJ PXOWLSOH FRQVWUDLQWV DQG
HYDOXDWHWKHVHXQGHUZHOOHVWDEOLVKHGFRPSDQ\VWDQGDUG.3,V
:LWKUHVSHFWWRWKLVSRLQWWKHFRPSDQ\KDVGHILQHGPHWULFVLQ
SODFH DOUHDG\ ZLWK H[SHFWDWLRQV RI SURFHVV LPSURYHPHQW VHW
RXW 7KHUHIRUH WKLV WRRO VKRXOG FRPSOHPHQW RWKHU WRROV WR
PHHW WKHVH WDUJHWV 7KLV RUJDQL]DWLRQ KDV VWURQJO\ SULRULWL]HG
.3,V ZLWK PLQLPL]DWLRQ RI ODWHQHVV WR FXVWRPHUV EURDGO\
FRQVLGHUHG DV D WRS WDUJHW RI WKH JUHDWHUPDQXIDFWXULQJ DUHD
%HORZ WKDW DUH D ZLGH UDQJH RI VXE .3,V WR EH FRQVLGHUHG
VXFK DV EDODQFLQJ FDSDFLW\ XVDJH DQG PLQLPL]LQJ ERWWOHQHFN
VWRSSDJHV

 3LORW&DVH%RVWRQ6FLHQWLILF&RUN/WG

7KH VHFRQG FRPSDQ\ SLORW LV UHODWHG WR D WZROHYHO OLQH
GHVLJQ DQG RSHUDWLRQV PDQDJHPHQW WRRO 7KH HQYLURQPHQW
ZLWKLQZKLFK WKLV LV VHW LV D VHPLVNLOOHG WR VNLOOHGPDQXDOO\
LQWHQVLYHSURGXFWLRQOLQH7KHSURGXFWVRIWKLVEXVLQHVVXQLWRI
WKHFRPSDQ\GRQRWOHQGWKHPVHOYHVWRDXWRPDWHGSURGXFWLRQ
7KHJHQHUDODUHDLVPHGLFDOGHYLFHPDQXIDFWXUHDQGZLWKWKLV
FRPHV VLJQLILFDQW UHJXODWRU\ FRQWURO RI WKH PDQXIDFWXULQJ
SURFHVV 7KLV LV LPSRUWDQW DV WKHVH UHJXODWRU\ UHTXLUHPHQWV
LPSDFW KRZ SURGXFWLRQ LV GHVLJQHG DQG H[HFXWHG $V QRWHG
WKHUHDUHWZROHYHOVRILQWHQGHGXVHIRUWKHWRRO7KHFRPSDQ\
KDYHVRPHKLVWRU\ZLWKVLPXODWLRQRISURGXFWLRQDQGDUHDWD
SRLQW RI RSHUDWLRQV PDQDJHPHQW PDWXULW\ ZKHUH WKH\
DQWLFLSDWH WKH DSSOLFDWLRQ RI VLPXODWLRQ LQ SURGXFWLRQ VKLIW
PDQDJHPHQW7KLVWKHUHIRUHZLOOUHTXLUHWKHSODWIRUPWRPHHW
WKH QHHGV RI UHDOWLPH VLPXODWLRQ :LWK PXOWLSOH VKLIWV SHU
GD\ WKH WRRO ZRXOG EH H[SHFWHG WR SURYLGH SODQV PXOWLSOH
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WLPHVSHUGD\,WZDVWKHUHIRUHDNH\WDVNLQWKHUHTXLUHPHQWV
HOLFLWDWLRQ WR FDWHJRUL]HDQGPDS WKHRUJDQL]DWLRQ¶VSHUWLQHQW
GDWD )RU DOO WKH HQGXVHU RUJDQL]DWLRQV VHFWLRQ  RI WKH
TXHVWLRQQDLUH REWDLQHG LQIRUPDWLRQ RQ GDWD VWUXFWXUH DQG
GLJLWL]DWLRQ,WZDVSDUWLFXODUO\XVHIXOKHUHDVWKHH[DPLQDWLRQ
RIWKHSLORWXQFRYHUHGVRXUFHVRIDXWRPDWHGHGDWDPDQXDOO\
LQSXWHGDWDDQGVRPHGDWDZKLFKZDVQRWLQHOHFWURQLFIRUP
+RZHYHU WKHVH QHHGHG WR EH V\QFKURQL]HG WR UXQ D PRGHO
FDSDEOHRIPHHWLQJWKHRSHUDWLRQVSODQQLQJQHHGV6LPXODWLRQ
PRGHOV DW WKLV OHYHO ZRXOG VXSSRUW DFWLYLWLHV VXFK DV D OLQH
PDQDJHU¶VQHHGWRDGGUHVVUHVRXUFHVVXFKDVSHRSOHPDFKLQH
DYDLODELOLW\ DQG:,3 VWDWXV DQG WKHQSODQ WRPDWFK WKH VKLIW
UHTXLUHGGHPDQGLQWKHPRVWHIIHFWLYHPDQQHU
2QH VWHS XS IURP WKHVH RSHUDWLRQDO OHYHO GHFLVLRQV ZHUH
LVVXHVFDWHJRUL]HGDVLQGXVWULDOHQJLQHHULQJOLQHGHVLJQLVVXHV
DGGUHVVHG E\ WKH LQGXVWULDO HQJLQHHULQJ WHDP RQVLWH DW WKH
RUJDQL]DWLRQ 6RPH H[DPSOHV RI OLQH GHVLJQ ZRXOG LQFOXGH
WULDOLQJEDWFKVL]HFKDQJHVEXIIHUDOORFDWLRQVRUZRUNHU VKLIW
SDWWHUQVDPRQJRWKHUVDQGPRVWQRWDEO\XQGHUXQFHUWDLQW\D
FDSDELOLW\ QRW FXUUHQWO\ DYDLODEOH :LWKRXW D SODQQLQJ WRRO
FDSDEOH RI VLPXODWLQJ WKH OLQH WKHVH WULDOVZRXOG QHHG WR EH
FRQGXFWHG RQ WKH SURGXFWLRQ OLQH ZLWK GLVUXSWLYH
FRQVHTXHQFHV :KLOH WKH RSHUDWLRQV PDQDJHPHQW WRRO FRXOG
EHXVHGE\DQLQGLYLGXDOZLWKDOPRVWQRVLPXODWLRQH[SHULHQFH
WKURXJKDVXLWDEOHLQWHUIDFH WKHOLQHGHVLJQWRROZDVUHTXLUHG
WR EH LQWHUIDFHGDW D OHYHOZKLFK DOORZHGIRU WKHW\SHRI
PDQLSXODWLRQV QRWHG DERYH 7KHVH DOLJQHG ZLWK OHYHOV
LQGHSHQGHQWO\ UHDFKHG LQ SLORW FDVH  ,Q DGGLWLRQ WKH
RUJDQL]DWLRQDOVRUHIHUUHGWRWKHVXSHUXVHUOHYHOQRWHGLQSLORW
FDVH ZLWK D VSHFLILF JRDO RI KDYLQJ DW OHDVW RQH LQGLYLGXDO
RQVLGHFDSDEOHRIGHYHORSLQJWKHDSSOLFDWLRQSODWIRUPLQRUGHU
IRU LQGXVWULDO HQJLQHHUV WR FUHDWH DQGPDQLSXODWHPRGHOV DQG
VXEVHTXHQWO\IRUOLQHPDQDJHUVWRXVHWKHVHPRGHOVZLWKXSWR
GDWH GDWD LQ RUGHU WR SODQ RSHUDWLRQV 7KH RUJDQL]DWLRQZHQW
IXUWKHU WR UHTXHVW WKDW LQ GHYHORSLQJ WKH SODWIRUP WKH
H[SHFWHGWUDLQLQJWLPHVIRUOHYHOVDQGVKRXOGEHDFFRXQWHG
IRU/LQHPDQDJHUV VKRXOG RQO\ UHTXLUH DQ KRXU¶V WUDLQLQJ WR
XVHWKHWRROZKLOHLQGXVWULDOHQJLQHHUVVKRXOGEHDEOHWRXVHLW
ZLWKDVLQJOHGD\¶VWUDLQLQJ
$ ILQDO UHTXLUHPHQW RI WKH RUJDQL]DWLRQ UHODWHG WR FKDQJH
PDQDJHPHQWLQLQWURGXFLQJDQHZSODQQLQJWRRO$FRUSRUDWH
ZLGHORQJHVWDEOLVKHG WRROZLWKD UHFRJQL]DEOH LQWHUIDFH LV LQ
SODFH DW OLQH PDQDJHPHQW OHYHO ,W LV D FRPELQDWLRQ RI
YLVXDOLVDWLRQ RI WKH SK\VLFDO OLQH ORJLF DQG GDWD ZLWK XS WR
GDWHPHWULFVDOOLQFOXGHG7KHRUJDQL]DWLRQVWDWHGWKDWVLPLODU
WRPDQ\FRPSDQLHVWKH\GLGQRWZDQWWRUHSODFHWKLVWRROEXW
VXSSOHPHQWLW7KHUHIRUHWKHLQGXVWULDOHQGXVHUUHTXLUHGWKDW
RXWSXWIURPWKHGHFLVLRQVXSSRUWDSSOLFDWLRQVKRXOGIHHGLQWR
WKLV ,Q D EURDGHU FRQWH[W WKLV SURPSWHG WKH FRQFHSW RI
GHYHORSLQJRXWSXW LQIOH[LEOHDQGWUDQVIHUDEOH IRUPDWVVRWKDW
DFOLHQWFRPSDQ\FDQLQWHJUDWH WKHPLQWR WKHLURZQUHSRUWLQJ
VWUXFWXUHV UDWKHU WKDQ KDYLQJ WR FKDQJH WKHLU UHSRUWLQJ
VWUXFWXUHVWRVXLWULJLGRXWSXWFRQILJXUDWLRQVDVZDVQRWHGZLWK
PDQ\&276DSSOLFDWLRQV

 3LORW&DVH/HRWHFK*PE+

7KH WKLUG FRPSDQ\ SLORW LV UHODWHG WR VHTXHQFLQJ DQG
VFKHGXOLQJ RI RSHUDWLRQV LQ D PLFUR 60( ZKHUH PRUH
VSHFLILFDOO\ SURMHFWV DUH DOORFDWHG WR  KLJKO\ VNLOOHG
LQGLYLGXDOVZKRFRQGXFWDOORIWKHZRUN WKURXJKWRFXVWRPHU
GHOLYHU\ 7KLV LQYROYHV SODQQLQJ WKH SURMHFW FRPSXWHU DLGHG
FRPSRQHQW GHVLJQ PDFKLQLQJ DQG RWKHU DQFLOODU\ DFWLYLWLHV
HJPDWHULDORUGHULQJSDUWLFXODUO\ IRU VSHFLDOLVWPDWHULDOV ,Q
VXFK D VPDOO FRPSDQ\ DQG RSHUDWLQJ LQ WKLV PDQQHU WKH
GLUHFWRU ZDV NHHQ WR VWUHVV WKDQ WKH LPSDFW RI RSHUDWLRQV
SODQQLQJ RQ UHYHQXH LV H[WUHPHO\ VHQVLWLYH 7KHUHIRUH WKH
RUJDQL]DWLRQ VHHV JUHDW XVH LQ D SUHGLFWLYH VLPXODWLQJ WRRO
3ODQQLQJSUREOHPVRFFXU LQ WKH SUHVHQFH RI WXUEXOHQFHVERWK
RI DQ LQWHUQDO DQG H[WHUQDO QDWXUH IRU H[DPSOH PDFKLQH
IDLOXUHV RU UXVK RUGHUV &XUUHQWO\WKHPDQDJHPHQW FDQQRW
GHWHUPLQH LQ ZKLFK ZD\V WKH QHZ FLUFXPVWDQFHV ZLOO DIIHFW
H[LVWLQJSODQV
*LYHQ LWV SRVLWLRQ DV D PLFUR 60( WKLV SDUWQHU KDV QRW
HPSOR\HG GHGLFDWHG GHFLVLRQ VXSSRUW VRIWZDUH EHIRUH ,W LV
JURZLQJ \HDU RQ \HDU DQG KDV WKH IRUHVLJKW WR DFNQRZOHGJH
WKDW VXFKSODQQLQJ LV UHTXLUHG DQG WKDW JURZLQJZLWK VXFK D
WRRO FRXOG JLYH LW D FRPSHWLWLYH DGYDQWDJH RYHU FRPSDQLHV
HPSOR\LQJ PRUH EDVLF GHFLVLRQ VXSSRUWV\VWHPV 7KLV WRRO
DOORZVWKHHQGXVHUWRGHYHORSLWVGHFLVLRQSURFHVVLQWDQGHP
ZLWK WKH WRRO GHYHORSPHQW 7KLV ZDV VRPHWKLQJ ZKLFK ZDV
UHOHYDQW WR ERWK 60(V 7KHUHIRUH WKH\ YLHZ D V\VWHP
NQRZOHGJH WRRO DV VRPHWKLQJZKLFK WKH\ UHTXLUH WR IRUPDOO\
GHILQH KRZ PROG FUHDWLRQ DQG WRROLQJ LV FRQGXFWHG
&RQVHTXHQWO\ WKH\ VHH WKLV HOHPHQW QRW RQO\ DV D PHDQV RI
PDSSLQJWKHSURFHVVEXWUHILQLQJGHVLJQLQJWKHSURFHVV7KHQ
WKH\ FDQ VLPXODWH WKH SURFHVV 7KH RUJDQL]DWLRQ KDV QRWHG
WKDW OLNHPDQ\RI LWV VL]H WKH SODQQLQJKRUL]RQ FDQEH YHU\
VKRUWFLUFDZHHN)RUSODQQLQJVWDELOLW\DQHYDOXDWLYHWRRO
WR DOORZ WKH FRPSDQ\ WR XVH XQFHUWDLQ LQIRUPDWLRQ DQG
DQWLFLSDWH RFFXUUHQFHV RYHU D VOLJKWO\ ORQJHU WLPHIUDPH ZDV
QRWHG DV DPDMRU LPSURYHPHQW 6LPLODUO\ WR WKH ODUJHVW HQG
XVHU SDUWQHU WKH EXVLQHVV .3, RI PRVW LPSRUWDQFH ZDV
ODWHQHVV$VDOUHDG\QRWHGFRPSDQLHVRIWKLVVL]HVXUYLYHDQG
IDLORQWKHLUWLPHWRGHOLYHU*LYHQOLPLWHGUHVRXUFHVDQGKLJK
GHPDQG WKHSODQQLQJWRROVKRXOGHYDOXDWH WKHVROXWLRQVSDFH
ZKLFK LV RI D PDQDJHDEOH VL]H DQG LQIRUP DV HDUO\ DV
SRVVLEOHZKHUHODWHQHVVLVOLNHO\WRRFFXUDQGDOVRSURYLGHIRU
DOWHUQDWLYHV WR DOOHYLDWH WKLV HJ LQ SULRULWL]LQJ RUGHUV ZLWK
JUHDWHUQHHG WREHPHWRQ WLPH LQ IXOO%\LGHQWLI\LQJD WZR
OHYHOXVHUFDSDELOLW\ WKHRUJDQL]DWLRQKDVVKRZQWKDWHYHQDW
WKHPLFUR60(OHYHOPRGHOGHYHORSPHQWFDSDELOLW\FDQH[LVW

 3LORW&DVH%DONDQ7H[WLOHDQG&RWWRQ*LQ0DFKLQHU\
/WG

7KH IRXUWK FRPSDQ\ SLORW DOVR FRQFHUQV VHTXHQFLQJ DQG
VFKHGXOLQJ LQDQ60(ZKLFKRFFXSLHV WKH XSSHU HQG RI WKH
VFDOHLQWHUPVRIFRPSDQ\VL]H7KHFRPSDQ\SURGXFHKHDY\
PDFKLQHU\ IRU WKH WH[WLOH LQGXVWU\DQG RUGHUVFDQUDQJH IURP
VLQJOH PDFKLQHV WR TXLWH FRPPRQO\ D PDFKLQLQJ OLQH
FRPSULVHG RI PDQ\ LQWHUDFWLQJ PDFKLQHV ZKLFK ZLOO EH
VKLSSHG WR FXVWRPHUV WR EH XVHG DV D SURGXFWLRQ OLQH DW WKDW
FXVWRPHU7KHSLORWUHODWHVWRLQWHJUDWLQJWKHRUGHUUHFHLSWDQG
RSHUDWLRQVSURFHVVHV SDUWLFXODUO\ZKHQRSHUDWLQJ DW FDSDFLW\
OLPLWVWRDOORFDWHUHVRXUFHVLQDQRSWLPDOPDQQHU
7KHFRPSDQ\FLWHVDFXUUHQWGLIILFXOW\LQSUHGLFWLQJLWVµWR
FXVWRPHU¶OHDGWLPHVDQGWKXVSURYLGHEURDGHVWLPDWHVWR
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FXVWRPHUV 7KH\ DUH DZDUH WKDW WKLV KLJKOHYHO OHDG WLPH LV
FRPSULVHG RI YDULRXV RWKHU OHDG WLPHV VXFK DV SURGXFWLRQ
SXUFKDVLQJDQG WHVWLQJEXWGRQRWKRZHYHU DFWLYHO\PDQDJH
WKHVH FRPSRQHQWV LQGLYLGXDOO\ LQ D FRRUGLQDWHG PDQQHU
ODUJHO\ GXH WR D ODFN RI ,7 VXSSRUW 7KHUH LV D ODFN RI
FHQWUDOL]HG PDQXIDFWXULQJ VXSSRUW WHFKQRORJLHV DQG D
SUROLIHUDWLRQ RI SDSHU EDVHG RSHUDWLRQV PDQDJHPHQW 7KH
FRPSDQ\ ZLVK WR PRYH EH\RQG WKLV DV WKHLU JURZWK KDV
LQGLFDWHGWKDWPRUHDGYDQFHGSODQQLQJLVUHTXLUHG
7KHUHIRUH FRQVLGHULQJ WKLV EXVLQHVV UHTXLUHPHQW LW LV IHOW
WKDW D VLPXODWLRQ DSSOLFDWLRQ GHYHORSPHQW SODWIRUP
LQFRUSRUDWLQJ V\VWHP NQRZOHGJH FDSWXULQJ DQG PDQDJHPHQW
DORQJ ZLWK FRQILJXUDEOH DQDO\WLFV DOO GHOLYHUHG WKURXJK D
IOH[LEOH DQG WDLORUHG LQWHUIDFH ZRXOG KHOS GULYH WKH PRYH
WRZDUGV,7HQDEOHGHQJLQHHULQJ
$WRROWKDWOLQNVWKHRUGHUPDQDJHPHQWVLGHRIWKHEXVLQHVV
ZLWKRSHUDWLRQVKDVEHHQUHTXHVWHG2UGHUPDQDJHPHQW¶VNH\
IXQFWLRQLVREWDLQLQJFOLHQWFRQWUDFWVEXW WKH\ODFNXS WRGDWH
LQIRUPDWLRQ RQ JHQHUDO PDQXIDFWXULQJ VWDWXVZKHQ PDNLQJ
FRPPLWPHQWV 6LPLODUO\ WKH RSHUDWLRQV WHDPV DUH FRQFHUQHG
ZLWKHIIHFWLYHSURFXUHPHQWSURGXFWLRQ WHVWLQJDQG LQYHQWRU\
FRQWURO EXW KDYH OLWWOH RUQRLQSXW WR RQERDUGLQJ RI QHZ
EXVLQHVV7KHUHVXOWVRI WKLVDUHRSHUDWLRQVGLVUXSWLRQVZKLFK
LQWXUQUHVXOW LQFRVWO\RYHUWLPHRXWVRXUFLQJDQGPLVVHGGXH
GDWHV
7KH HQYLVDJHG '5($0 SODWIRUP ZRXOG FRPELQH
LQIRUPDWLRQIURPWKHYDULRXVVKRSIORRUDUHDVLQDFHQWUDOL]HG
V\VWHPWUDFNLQJPDQXIDFWXULQJ,QDGGLWLRQRUGHUSODQVFRXOG
EH FUHDWHG LQ WKH SODQQLQJ RIILFH FRPELQLQJ ZLWK WKH VKRS
IORRUGDWD5HDOWLPHVLPXODWLRQSUHGLFWLYHPRGHOVZRXOGWKHQ
HYDOXDWH LPSDFWV DQG VXSSRUW SODQQHUV LQ VFKHGXOLQJ DQG
VHTXHQFLQJ DQG SURYLGH DOWHUQDWLYHV $FFXUDWH FRQVHTXHQFH
SUHGLFWLRQRIPRYLQJRUGHUVDURXQG LQ WKHPDVWHUSURGXFWLRQ
VFKHGXOHLQUHDFWLRQWRXSGDWHGLQIRUPDWLRQLVWKHJRDORIWKLV
IRU WKH HQGXVHU 7KLV ZLOO LPSURYH PDQDJHPHQW RI WKH
RSHUDWLRQV DQG DOVR LPSURYH FXVWRPHU UHODWLRQVKLSV WKRXJK
PRUHDFFXUDWHLQIRUPDWLRQVKDULQJDQGVWDWXVXSGDWHV

4. Conclusions
7KH SURFHVV RI FROOHFWLQJ UHTXLUHPHQWV DQG SLORW  FDVHV
IURP D VPDOO SRRO RI WDUJHWHG HQGXVHUV ZDV XQGHUWDNHQ LQ
VXSSRUWRIWKHGHYHORSPHQWRIDVLPXODWLRQEDVHGDSSOLFDWLRQ
GHFLVLRQVXSSRUWV\VWHP7KHZRUNWKDWZDVFRQGXFWHGDLPHG
WRWDNHIRXUSLORWFDVHFRPSDQLHVHDFKZLWKYDULRXVXVHFDVHV
WKURXJK D SURFHVV WR LGHQWLI\ QHHGV IRU D VLPXODWLRQ EDVHG
'667KHZRUNDOVRDLPHGWRSURJUHVVIURPWKHVSHFLILFWRWKH
JHQHUDO FUHDWLQJ SLORW LQGHSHQGHQW UHTXLUHPHQWV 7KHVH
UHTXLUHPHQWVDUHWKHEDVLVIRUDQRSHQVRXUFHSODWIRUPZKLFK
FDQ IRUHVHH VXVWDLQHG GHYHORSPHQW RI WKH SODWIRUP DQG LWV
HOHPHQWV 7KHUHIRUH WKH FDVHV ZHUH LGHQWLILHG ZLWK NQRZQ
DQG FRPPRQ PDQXIDFWXULQJ SDUDGLJPV LQ RUGHU WR FUHDWH
VLPXODWLRQHOHPHQWVWKDWDUHJHQHULFDQGFDQEHFXVWRPL]HG
$VWKHHQGXVHRIWKHGHYHORSHGSODWIRUPLQLQGXVWU\ZRXOG
EH GHYHORSPHQW RI SUREOHP VROYLQJ VLPXODWLRQ PRGHOV ZH
PDGH XVH RI /DZ DQG .HOWRQ¶V¶ JXLGH WR FRQGXFWLQJ D
VLPXODWLRQ VWXG\ZKHQ FROOHFWLQJ LQIRUPDWLRQ >@7KLVZDV
WR GLUHFW GHYHORSPHQW HIIRUWV LQWR FUHDWLQJ WRROV FDSDEOH RI
XQGHUWDNLQJVXFKDVWXG\:KHQFRQGXFWLQJDVLPXODWLRQ
VWXG\WKHDXWKRUVVXJJHVWWR
x IRUPXODWHWKHSUREOHPDQGSODQWKHVWXG\
x FROOHFWGDWDDQGGHILQHDPRGHO
7KHUHIRUH WKHZRUNGHVFULEHG LQWKLVSDSHUIRUPXODWHGE\
FDSWXULQJ
x H[SHFWHGPDQXIDFWXULQJGHFLVLRQVWREH
VXSSRUWHG
x UROHV RI ZKR PDNHV WKH GHFLVLRQV LQ WKH
PDQXIDFWXULQJFRPSDQLHV
x FDSWXULQJ LQWHQGHG OHYHOV RI SODWIRUP LQWHUDFWLRQ
DWHQGXVHUV
x UHOHYDQW SURFHVV PHWULFV DVVRFLDWHG ZLWK
PDQXIDFWXULQJ RUJDQL]DWLRQV LQ RUGHU WR HYDOXDWH
WKH HIIHFWLYHQHVV RI WKH HQG FKDQJHV PDGH IURP
WKHDSSOLFDWLRQRIWKH'5($0WRROV
7KHQLQRUGHUWRVXSSRUWKRZDQHQGXVHUZRXOGDSSO\WKH
WRROHIIRUWVZHUHGLUHFWHGWRGHILQLQJWKHQHHGVIRUFROOHFWLQJ
GDWDDQGGHILQLQJDPRGHOVXFKWKDW
x 7KH QHHGV IRUFDSWXULQJ IORZ DQGORJLF RI
SURGXFWLRQ SURFHVVHV ZDV DGGUHVVHG DORQJ ZLWK
KRZ D XVHU PD\ GR WKLV LQ D PDQQHU WKDW PRVW
HIIHFWLYHO\DOORZV WKHFROOHFWHG LQIRUPDWLRQ WREH
WUDQVIHUUHG WR D VLPXODWLRQ PRGHO 7KLV LQYROYHG
V\VWHPNQRZOHGJHFDSWXUHDQGPDQDJHPHQW
x 7KHZRUNDOVRDGGUHVVHGWKHGDWDFDSWXUHSUREOHP
E\ ILUVWO\ DVVHVVLQJ OHYHOV RI GDWD VWUXFWXUH DQG
GLJLWL]DWLRQLQWKHRUJDQL]DWLRQDVZKROHDQGWKHQ
LGHQWLI\LQJ WKH LQIRUPDWLRQDO DQGGDWD LQSXWV WKDW
ZHQWLQWRWKHVSHFLILFGHFLVLRQVEHLQJVXSSRUWHGWR
VXSSRUW WKH GDWD H[WUDFWLRQ WRRO ZKLFK ZRXOG
LQWHUIDFH WKH UHVXOWDQWVLPXODWLRQPRGHOVZLWK WKH
RUJDQL]DWLRQ¶V LQSXW LQIRUPDWLRQ DQG HYHQWXDO
PRGHORXWSXW
2YHUDOO WKLV ZRUN JDYH GLUHFWLRQ WR UHVHDUFK DQG
WHFKQRORJ\GHYHORSPHQWRI WKH'5($0VLPXODWLRQSODWIRUP
LQWKHDUHDVRIPDQXIDFWXULQJV\VWHPNQRZOHGJHPDQDJHPHQW
KXPDQFRPSXWHU LQWHUDFWLRQ NQRZOHGJH H[WUDFWLRQ DQG
DQDO\WLFVDQGVLPXODWLRQPRGHOOLQJVRIWZDUH
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